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Abstract: A variety of techniques have been used to infect cell monolayers in culture with the protozoan, Cryptosporidium parvum. 
However, most of these methods rely on the use of trypsin and/or bile salts to excyst sporozoites in vitro, followed by washing 
sporozoites free of excystation solution prior to their addition to subconfluent monolayers. This method not only increases the 
amount of time required to establish infections in vitro, but also results in prolonged exposure of free sporozoites to environmental 
conditions. Here we report a simple, fast, and efficient method of obtaining consistent infections of C. parvum in cell monolayers. 
This technique relies on the ability of the parasite to excyst at 37°C but not at room temperature following pretreatment with 
sodium hypochlorite. By adding surface-sterilized oocysts directly to monolayers, sporozoites have access to host cells immediately 
upon excystation. 
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Introduction 

Cryptosporidium parvum is a protozoan para- 
site capable of causing moderate to severe diar- 
rheal illness in immunocompetent individuals and 
life-threatening disease in immunocompromised 
individuals [1,2]. Although over 20 papers have 
described various methods of infecting cell mono- 
layers with this parasite [3], the lack of a good, 



reproducible in vitro model system has impeded 
progress in studying parasite/ host cell interac- 
tions. This report describes a simple, rapid, and 
reproducible method of obtaining viable, surface- 
sterilized oocysts and some of the parameters 
affecting development of these parasites in vitro. 



Materials and Methods 



* Corresponding author. Tel: (913) 532 6639; Fax (913) 532 
6653; e-mail: COCCIDIA@KSUVM.KSU.EDU. 
Present address: Department of Clinical Sciences, London 
School of Hygiene and Tropical Medicine, Keppel Street, 
London WC1E7HT, UK. 



Parasite preparation 

Oocysts of Cryptosporidium parvum were pas- 
saged in 5-day-old neonate calves (Bos taunts), 
collected and stored in 2.5% (w/v) aqueous 
potassium dichromate (K 2 Cr 2 0 7 ) solution at 4°C, 
and finally purified on CsCl gradients as de- 
scribed previously [4-6]. Once pipetted from the 
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gradients, the oocyst/ CsCl suspension was mixed 
with ^ 2 volumes ice-cold double-distilled water 
(ddH 2 0) in 15-ml conical centrifuge tubes. 
Oocysts were pelleted by centrifugation at 1500 X 
g for 20 min. The supernatant was removed and 
the oocysts transferred to 1.5 ml conical mi- 
crofuge tubes and washed in ice-cold ddH 2 0 by 
centrifugation at 5000 Xg in a Costar R model 10 
microcentrifuge for 2 min. Once the supernatant 
had been removed, a 10% (v/v) ice-cold aqueous 
Clorox R bleach solution was added. After vortex- 
ing, the suspension was allowed to sit on ice for 
10 min. Oocysts were then pelleted by centrifuga- 
tion for 2 min at 5000 X g. After the supernatant 
was removed, oocysts were washed 1 X following 
resuspension in sterile, ice-cold PBS and again 
centrifuged at 5000 Xg for 2 min. The super- 
natant was again removed and oocysts resus- 
pended in 1 ml cell culture media. A small aliquot 
of the oocyst suspension was diluted 1 : 100 in 
water or phosphate-buffered saline (PBS) and 
oocysts were quantitated using a haemocytome- 
ter. Oocysts were then diluted in cell culture 
medium to a final concentration of 5 X 10 5 oocysts 
ml" 1 . 

Excystation studies 

The percentage of C parvum oocysts that ex- 
cysted was determined in all studies. This was 
accomplished by incubating aliquots of oocysts in 
cell culture medium at 37°C for 2 h, then scoring 
at least 100 oocysts as either empty or intact 
(unexcysted). After oocysts had aged beyond 6 
weeks, which is normally the maximum length of 
time they are used to infect cell cultures in our 
laboratory, excystation studies were continued up 
to 90 days to correlate excystation of CsCl gradi- 
ent-purified oocysts with age. In a separate exper- 
iment, we incubated individual aliquots of oocysts 
at both 37°C and 24°C and determined excysta- 
tion at periodic intervals through 190 min. In 
other experiments where percent excystation was 
correlated with infection of cell monolayers, re- 
duced excystation was artificially generated by 
prolonging surface sterilization of oocysts in 10% 
Clorox R solution (above) for 60 min, and also 
performing the sterilizations at room temperature 
rather than on ice. 



Cell culture asl 

Madin-Darby bovine kidney cells (ATCC 6071} 
were maintained in 75-cm 2 tissue culture flas2^ 
Cells were tested monthly for contamination .witS 
Mycoplasma spp. using 4',6-diamidino-2-phenyIiS| 
dole (DAPI) stain [7-9]. To lift cells from tifi? 
surface of flasks, a 0.25% (w/v) trypsin/0.53 mjj 
ethylenediamine tetraacetic acid (EDTA) i 
phosphate-buffered saline (PBS) solution. waf 
used. The cell culture medium consisted of RPjJn! 
1640 with L-glutamine, supplemented witSS 
sodium bicarbonate, 2.2 g I" 1 ; HEPES buffer,45L 
mM; penicillin, 100 U ml" 1 ; streptomycin, lOOr/fjg 
ml" 1 ; and amphotericin B, 0.25 jig ml' 1 . Fq?l 
routine cell passage, 5% fetal bovine serum (FBSj 
was used (maintenance medium) whereas 10<|l 
FBS was used whenever parasites were employed 
(growth medium). |j 
14 h prior to inoculation with C. parvum, ceUy 
were plated onto 22-mm 2 glass coverslips in 6-weill 
cluster plates at a concentration of 7 X 10 5 viable! 
cells in a total volume of 3 ml. Cell viability way 
assessed using trypan blue exclusion (0.02% (w/v) 
in PBS) and numbers were quantitated using 1 !*! 
haemocytometer. Plates were incubated at 37%J 
in a 5% C0 2 /95% air humidified incubator. iq : 
Prior to infection of monolayers with G 
parvum, the cell culture maintenance medium 
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Fig. 1. Percent excystation (No. empty oocysts/No. empty + 
intact oocysts) of CsCl-purified and surface-sterilized oocysts . 
of Cryptosporidium parvum at 37°C (circles) and room tem- 
perature (24°C; squares) over time. Oocysts were excysted in 
RPMI 1640 cell culture medium supplemented with 10% fetal 
bovine serum, 15 mM HEPES buffer, 2.2 g l" 1 sodium 
bicarbonate, and antibiotics. 
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Fig. 2. Nomarski interference contrast photomicrographs of 
Cryptosporidium parvum. (A) CsCl-purified, surface-sterilized 
oocysts prior to addition to cell monolayer. Magnification 
X620. (B) Oocysts from (A), 60 min after elevating tempera- 
ture to 37°C Magnification X 620. (C) Developmental stages 
of Cryptosporidium parvum in MDBK cells following the 
addition of surface-sterilized oocysts 68 h previously. Magnifi- 
cation X 1400. Incubation was for 68 h in candle jars at 37°C 
in RPMI 1640 medium supplemented with 10% fetal bovine 
serum, 15 mM HEPES buffer, 2.2 g I -1 sodium bicarbonate, 
and antibiotics. Abbreviations: Ma, macrogamete; Me, meront; 
U, undifferentiated stage. 

was removed and 2 ml oocyst suspension (1.25 X 
10 6 oocysts ml~ l ) in growth medium were added. 
Cluster plates were then placed into candle jars 



as described previously [3,10,11] and incubated at 
37°C In order to remove most unexcysted oocysts, 
oocyst walls, and other toxic materials that may 
have been liberated from oocysts [3], plates were 
removed from candle jars at 2 h, monolayers 
. washed 1 X with PBS, and new growth medium 
was added. Cluster plates were then resealed into 
candle jars, the candles relit, and monolayers 
incubated at 37°C 

Parasite growth in vitro was assessed 68 h 
following the initial parasite inoculation by re- 
moving cluster plates from candle jars and view- 
ing parasite infected monolayers under Nomarski 
interference contrast optics. A 10 X ocular lens 
and 100 X objective oil immersion lens were em- 
ployed. Twenty-five oil fields were randomly ex- 
amined per coverslip and total numbers of para- 
site developmental stages assessed, as has been 
described previously [11]. Each experiment in- 
volving parasite development in cell culture was 
performed in replicates of 4-6. 



Results 

Using the above protocol, oocysts of C. parvum 
could be surface-sterilized and in cell culture in 




Fig. 3. Effects of percent excystation on numbers of parasite developmental stages in MDBK cells in vitro. Incubation was for 68 h 
in candle jars at 37°C in RPMI 1640 medium supplemented with 10% fetal bovine serum, 15 mM HEPES buffer, 2.2 g l" 1 sodium 
bicarbonate, and antibiotics. The lower two data points were artificially generated by prolonged incubation of oocysts for 60 min at 
room temperature (24°C). The slope of the line was generated by exponential regression analysis. 



about 1 h. These oocysts excysted rapidly and 
sigmoidally when the temperature was elevated 
to 37°C (Figs. 1, 2), and were clean of most debris 
(Fig. 2); excystation did not occur at room tem- 
perature (24°C). Excystation varied from 80-90% 
for oocysts processed within 2 weeks after being 
collected from calves, whereas excystation dimin- 
ished to 50-68% when oocysts 60-90 days were 
used (data not shown). Percent excystation was 
correlated with numbers of parasites developing 
in vitro (Figs. 2, 3). 



. Discussion 

We describe a rapid and simple protocol that 
we routinely employ to infect cell monolayers 
with C. parvum. We have used oocysts directly to 
infect cells previously [3,11], but have recently 
reduced the amount of time needed to manipu- 
late the parasites. This method relies on previous 
observations that have shown C parvum oocysts 
will readily excyst when the temperature is ele- 
vated to 37°C following treatment with 10% 
bleach [11,12]. Percent excystation of sodium 
hypochlorite-treated oocysts are nearly identical 
to that observed when bile salts are used [13], and 
all that is apparently needed for excystation is a 
reagent that affects the oocyst wall and suture 
[14]; non-pretreated oocysts excyst poorly [15,16]. 

The use of intact oocysts to infect cell cultures 
is superior over excysted sporozoites for two rea- 
sons. First, cell monolayers can be infected quickly 
and reproducibly, without the need to purify 
sporozoites by anion exchange chromatography 
[12], Percoll or CsCl gradients [5,17]. Second, 
sporozoites have almost immediate access to host 
cells and spend a minimal amount of time ex- 
posed to the extracellular environment. Sporo- 
zoites liberated from oocysts are frail and known 
to lyse easily [18] and, thus, viability is always 
uncertain whenever sporozoites are manipulated 
outside of the oocyst. 

Our results suggest excystation levels below 
about 70% are not useful for in vitro assays when 
intact oocysts are used as inoculum. Percent ex- 
cystation appears to fall to 70% when oocysts are 
about 2 months of age. These results are consis- 



tent with the finding of others who have sh 
that oocyst viability begins to decrease betweef 
the second and third month [4,5]. Our resiSg 
undoubtably overestimate percent excystation! 
oocysts due to long-term storage as the C$ 
gradient is thought to select against morphol<f ' 
cally aberrant and inviable oocysts [5]. Indeed,^ 
always note that numbers of oocysts harvests?! 
from CsCl gradients drop off substantially after 
oocysts are stored for > 2 months in K 2 Cr 2 O^St 
4°C. vi 
Examining infected cell cultures at about 68 
is important because a significant number 
meronts and gametes are present. Prolonged 'in- 
cubations sometimes result in slightly higher 
numbers of developmental stages and, occasion- 
ally, oocysts. However, monolayers often begin%> 
slough after 68 h, and it is sometimes difficult J> 
distinguish newly formed oocysts from the occ£ 
sional residual oocyst from the original inoculum! 
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